Several studies in recent years have reported significant fitness improvements in children after exercise interventions, given sufficient training intensity, frequency and duration. However the knowledge of how fast children respond to exercise is limited and most research protocols are performed on cycle ergometers or other training devices using exercise programs are not applicable for practical purposes such as children's sports programs or physical education classes. The aim of this study was to investigate the effect of high intensity aerobic activity in five weeks, two sessions per week, on children's VO 2peak . Additionally we wanted to test whether ten-year old boys were able to sustain intensity over 80 % of reart rate peak (HR peak) for a relative long period of time (up to 4 minutes), using aerobic games and play. Results from the present study showed a significant increase in VO 2peak from 178.5 (± 12.6) ml x kg -0.67 x min -1 to188.4 (± 12.6) ml x kg -0.67 x min -1 ). Conclusion: Children can increase their VO 2peak after five weeks of exercise with two high intensity sessions per week. This study also revealed that children can exercise near their HR peak in time periods lasting up to four minutes.
Introduction
Aerobic fitness is associated with physiological and psychological health factors (Andersen et al., 2006; Anderssen et al., 2007; Hussey, Bell, Bennett, O'Dwyer, & Gormley, 2007; Ortega, Ruiz, Castillo, & Sjostrom, 2008; Resaland, Mamen, Boreham, Anderssen, & Andersen, 2010; Strong et al., 2005) .
When addressing training induced adaptations to aerobic activity in children, direct measurement of oxygen uptake is generally accepted as the most acknowledged measuring method (Krahenbuhl, Skinner, & Kohrt, 1985) . Some studies have been conducted using direct measurements of oxygen uptake in healthy children, with conflicting results regarding improvement in aerobic power (Rowland & Boyajian, 1995; Stewart & Gutin, 1976; Welsman, Armstrong, & Withers, 1997) . However, there is a growing body of knowledge supporting significant improvements in exercise induced aerobic capacity, provided a sufficient training intensity, frequency and duration (Baquet et al., 2010; Obert et al., 2003; Ratel et al., 2004; Resaland, Andersen, Mamen, & Anderssen, 2009; Zahner et al., 2006) .
It has been suggested that it is essential to work above 70 % of HR max to achieve a significant improvement in aerobic power and some authors even suggest intensities from 80-95 % of HR max , to improve aerobic fitness (Strong et al., 2005) . The intervention periods have usually had a duration of 6-12 weeks, some as short as 4 weeks while others have lasted for several years (Baquet, van Praagh, & Berthoin, 2003) . Furthermore, it has been shown that short duration all out sprints with intensities above the maximal aerobic speed can increase both anaerobic power and VO 2max (Ratel et al., 2004) . Previous experiments have used both continuous and intermittent training methods and it appears that both exercise modes can enhance aerobic power (McManus, Cheng, Leung, Yung, & Macfarlane, 2005) . Most of the experiments involving high intensity exercise < 90% of HRpeak in children have used 10 sec. and 30 sec. intervals, and only a few have used longer work periods (Araujo et al., 2011; Baquet et al., 2003; Ratel et al., 2004) . In adults, long intervals lasting from 2-4 minutes, is a common approach to endurance training, and it has been shown to be a faster and more effective mode of exercise than continuous work at lower intensity (Helgerud et al., 2007) . Exercise variety, competitions and playful activities are important factors in motivating children for further exercise participation, and are more closely related to the spontaneous physical activity of children and adolescents (Barkley, Epstein, & Roemmich, 2009; Ratel et al., 2004) . However, the need for controlled studies has often led to research using the same training protocols used in studies designed for adults. Thus, the aim of this study was to investigate the effect of high intensity aerobic games on improving aerobic power. Another objective was to monitor the multitude of HR
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Method

Experimental approach
The study was designed to investigate whether high intensity exercise would affect aerobic power when using aerobic games and play as training method. One training group took part in a five week training program consisting of two, one hour sessions with high intensity aerobic activities while another group served as controls. Both groups were evaluated through pre-and post-testing of VO 2peak . All participants undertook familiarization trails before the tests.
Participants
The training group included ten 10.6 (± 0.7) year old boys (table 1) . The children were recruited from a local soccer club. The control group consisted of six 10.8 (± 0.7) year old boys from another team within the same soccer club. Written informed consent to participate in the study was obtained from children and parents in both experimental-and control group. The study was given institutional ethical approval. Initially the training group consisted of 15 participants. Injuries, long term illness, a lack of participation (either in training or the final test), resulted in 10 boys meeting the inclusion criteria. The control group originally consisted of 10 boys, but 4 were excluded; one because of the inclusion criteria and three who did not show up for the final test. 
Training program
The training program consisted of two one hour sessions per week, one indoor and one outdoor. In addition the boys participated in a one hour soccer practice and school activity (some even in other sports). Normally they participated in two one hour soccer practices; the extra training load was one session per week since one of the soccer sessions was used for the intervention program. In order to monitor the participant's additional activity, the participants completed an activity scheme and they were informed not to alter their regular exercise routines. The training program was based on playful aerobic activities similar to physical education lessons, but with a focus on maintaining a high intensity throughout the full hour. Activities with balls, different variations of catching games, relay races and other aerobic games were used frequently both out-and indoor. The outdoor sessions were conducted on snow. Outdoor activities also included cross-country skiing and sleighing. The training sessions were organized according to the interval principle with interval periods from 10 seconds up to 4 minutes. The control group continued with their normal soccer practice twice a week.
Laboratory testing
Anthropometrics were collected wearing shorts, t-shirt and socks to the nearest 0.5 kg (weight) (Seca 750, Hamburg, Germany), and height to the nearest 0.5 cm. Expired air was analyzed continuously for O2 and carbon-dioxide (CO2) by a Erich Jaeger Oxycon Pro (Jaeger-Viasys, Healthcare, Hoechberg, Germany) oxygen analyzer, calibrated with standardized gases before each test. The subjects breathed through a Hans Rudolph valve (2700 series, USA) with registration of ventilation, VO2, CO2, and respiratory exchange ratio at an average of every 30 seconds.
A modified Oslo protocol; designed for testing children, based on the principle of increasing the speed or the inclination every second minute was used. The test starts at a rather low intensity with moderate increase in oxygen demand from one stage to the next, equivalent to 2 -4 ml kg -1 min -1 of VO 2 /stage. Before the initial test, every test subject had a practice run to familiarize to the treadmill and test equipment. The reproducibility of the test has been validated (Armstrong, Welsman, & Winsley, 1996; Fredriksen, Ingjer, Nystad, & Thaulow, 1998) .
Data collection and analysis
We used the inclusion criteria described by Pettersen et al. (Pettersen, Fredriksen, & Ingjer, 2001 ). To be included in the study, the subjects had to successfully complete two criteria: 1. The respiratory exchange ratio (RER) over 1.05 2. Leveling off of heart rate near or above 200
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During the VO 2peak test, heart rate was continuously monitored by a Polar S 610 I (Kempele, Finland) wrist watch. Maximal heart rate was defined as the peak heart rate (HRpeak) at the end of the VO 2peak tests or the highest heart rate measured during the training sessions. The pre and post maximal oxygen uptake test was completed one week before and one week after the training period.
Results from earlier studies show that it is inappropriate to express VO2peak in growing children in the conventional form (ml x kg -1 x min -1 ) (Armstrong & Welsman, 1994; Rogers, Turley, Kujawa, & Harper, 1995) . The increase in body mass, functional changes of the aerobic system, changes in anaerobic threshold and changes in running economy may contribute explaining this (Rowland, 1990) . When it comes to the exponential relationship between VO2peak and mass the most common exponents used are 0.67 and 0.75. In growing children the power function 0.67 seems to be a more reliable method of expressing aerobic power compared to ml x kg -1 x min -1 ) (Armstrong & Welsman, 1994; Pettersen et al., 2001 ).
Statistical analyses
Two-way ANOVA for repeated measurements were adopted to analyze the time effect (different measurement points), treatment effect (training or control), and their interactions if there is any regarding Vo 2peak from pre-to post-tests between groups. A two-tailed independent t-test was used to analyze differences in anthropometrics between the intervention group and the control group. Two-tailed paired t-test was applied to analyze changes in anthropometrics and performance between pre-and post-tests within groups. All analyses were performed using SPSS v.20.0 (SPSS, Inc., Chicago USA). The accepted level of significance was set at < 0.05.
Results
The main finding was that the intervention group significantly (p< 0.05) improved their VO 2peak expressed as ml x kg -0.67 x min -1 (from 178.5 (± 12.6) to 188.4 (± 12.6)) but not when it is expressed as ml x kg -1
x min -1 (from 54.0 (± 5.4) to 57.1 (± 5.5)) (see table 2 ). The control group had a slight, non-significant decrease in their VO 2peak independent of scaling factor. There was no difference in respiratory exchange values or heart rate values between groups or from pre-to post test. Measurements from the exercise sessions showed that the children's intensity levels were above 80 % of HR peak throughout more than 30 minutes (>50 %) of the one hour sessions in average (as told in figure 1) . Surprisingly they achieved intensities above 90% of HR peak for 19 minutes (31.5 %) of the sessions, and approximately 4.5 minutes (7.1 %) of the time they exercised at intensities above 95% of HR peak . Figure I : Heart rate during the one-hour training sessions, under 80 % of HR peak and above 80, 90 % and 95% of HR peak . ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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The children were given different assignments during exercise varying form catching games, relays ballgames and obstacle courses. The catching games and ballgames lasted up to four minutes and as seen in figure 1 the children were able to sustain intensity levels up to 95% in average during those four minutes. The relays were often organized in pairs with each lap varying from 10 sec x 10 up to 8 minutes total time (as seen in figure 2 ). 
Discussion
The main finding in the present study was a significant improvement in VO 2peak from 178.5 (± 12.6) -188.4 (± 12.6) ml x kg -0.67 min -1 in the intervention group. The improvement in VO 2peak after two one hour aerobic training sessions per week over 5 weeks is probably explained by the high intensity. When taking into account that one of the training sessions replaced one of the soccer practices the results are even more conclusive -high intensity is probably an important factor for improving children's VO 2peak . The findings are in line with previous studies, which show improvement in aerobic power if the intensity level is high, more than 70% of HR max (Baquet et al., 2010; Strong et al., 2005) . However, to our knowledge, significant improvement in aerobic power by executing playful activities has not previously been reported in short term training periods such as this experiment. Heart rate data from the training sessions revealed that many of the children reached intensity levels near their HRpeak several times per session. Although there were individual differences the overall trend showed very high HR levels. Our study showed HR intensities above 80% of HR peak through more than 30 minutes (50 %) of the one-hour sessions in average. The participants even played with intensity above 90% of HR peak for 19 minutes (31.5 %) of the sessions in average, and for approximately 4.5 minutes (7.1 %) above 95% of HR peak (figure 1). 4 x 4 minutes interval training is considered to be a strenuous and very efficient training method in adults (Helgerud, Rodas, Kemi, & Hoff, 2011) , but not suited children's natural play patterns. This study shows that high intensity aerobic playful activity might also be an efficient method to improve VO 2peak in children. The REIN JENSEN BRØGGER; GUNNAR MATHISEN; SVEIN ARNE PETTERSEN  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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www.efsupit.ro 515 phenomena of relatively long periods of near HR peak intensity (figure 2 and 3), are supported by studies which show that children are capable of exercising near their VO 2 peak with little accumulation of lactate (Ratel, Duche, & Williams, 2006) . This study has shown that children are able to maintain activities above 95% of their HR peak up to four minutes without breaks, and up to eight minutes above 85% of HR peak , if the activity is split by short breaks. The use of playful activities may have enhanced the motivation to sustain the high intensity, and these activities are applicable for children's sports programs and physical education classes with the intention of improving aerobic power or learning to cope with high intensity aerobic activity. When exploring time spent in different intensity zones, research has shown that vigorous activity is associated with lower body fat and higher cardiovascular fitness (Gutin, Yin, Humphries, & Barbeau, 2005; Hussey et al., 2007; Ness et al., 2007; Ruiz et al., 2006) , indicating that exercise intensity may have a larger effect on children's health than physical activity in general, but further studies are needed to rule out methodological misinterpretations in assessing physical activity (Ekelund, 2008) . Research has also shown tracking effects of physical fitness from childhood into adulthood which makes exercise even more important in preventing negative health factors (Matton et al., 2006) . Consequently, an improvement in aerobic power would be considered a beneficial health investment for children as well as for adults. Further studies are essential to elucidate the influence of short interval, high intensity training on aerobic power and general fitness. There is also a need to investigate the motivational implications of high intensity exercise programs, PE-lessons and leisure sport.
Conclusions
Children can increase their VO 2peak after five weeks of exercise with two high intensity sessions per week and exercise near their HR peak in time periods lasting up to four minutes without pausing.
Aerobic play and games are an activity mode that may initiate a sufficient intensity level for improving aerobic power. These activities are more similar to the natural play patterns of children, and can be used as a source of motivation towards increased activity level with high intensity.
We recognize that achieving comparable improvements to the present study could be more challenging in school classes than in soccer teams, due to a more heterogeneous group composition. Nevertheless, by organizing vigorous playful activities, the intensity level may provoke training induced improvements in aerobic power in children.
